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the  first  sign  while  the  second  sign  data  is  entered  through 
the  keyboard.  The  processor  is  also  programmed  to  deter- 
mine  the  layout  of  the  second  sign  and  supply  cutting  vectors 
to  the  cutting  apparatus  in  an  overlapped  manner.  The  pro- 
cessor  is  also  programmed  to  supply  display  vectors  to  a 
graphics  controller  and  supply  cutting  vectors  to  the  cutting 
apparatus  in  an  overlapped  manner. 
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BACKGROUND  OF  THE  INVENTION 

The  i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  s i g n   g e n -  

e r a t i n g   a p p a r a t u s   and  p r o c e s s e s   and  d e a l s   more  p a r t i -  

c u l a r l y   w i t h   an  e f f i c i e n t   s i g n   g e n e r a t i n g   a p p a r a t u s   w h i c h  

is   c a p a b l e   of  c u t t i n g   a  s i g n   w h i l e   i n t e r a c t i n g   w i t h   a n  

o p e r a t o r   to  d e f i n e   the   l a y o u t   of  a n o t h e r   s i g n   or  p e r f o r m  

o t h e r   o p e r a t i o n s .  

A  p r e v i o u s   s i g n   g e n e r a t i n g   a p p a r a t u s   i s  

d i s c l o s e d   in  U.S .   P a t e n t   4 , 4 6 7 , 5 2 5   to   Logan   and  S u l l i v a n  

w h i c h   p a t e n t   i s s u e d   on  A u g u s t   28,  1984 ,   is  a s s i g n e d   t o  

t h e   a s s i g n e e   of  t he   p r e s e n t   i n v e n t i o n   and  is   h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e   as  p a r t   of  t h e   p r e s e n t   d i s -  

c l o s u r e .   The  ' 525   s i g n   g e n e r a t i n g   a p p a r a t u s   c o m p r i s e s   a  

web  f e e d e r ,   a  t o o l   to   s e l e c t i v e l y   p l o t   s i g n   c h a r a c t e r s   o n  

p l o t t i n g   p a p e r   or  cu t   s i g n   c h a r a c t e r s   f rom  s i g n   g e n e r -  

a t i n g   s t o c k   w h i l e   the   web  is   f e d ,   and  a  s y s t e m   m i c r o -  

p r o c e s s o r   p r o g r a m m e d   to  d i r e c t   t h e   c u t t i n g   and  p l o t t i n g  

o p e r a t i o n s   a c c o r d i n g   to  d a t a   i n p u t   by  an  o p e r a t o r .   T h e  

d a t a   may  i n c l u d e   a  f o n t   t y p e ,   a  l i n e   h e i g h t   and  a  l i n e   o f  

s i g n   t e x t .   The  f o n t   p r o v i d e s   v e c t o r s   d e f i n i n g   t h e  

c h a r a c t e r   s h a p e s ,   a  s t a n d a r d   w i d t h   or  e a c h   c h a r a c t e r   a n d  
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a  s t a n d a r d   s p a c e   b e t w e e n   the   c h a r a c t e r s .   A f t e r   t he   d a t a  

e n t r y ,   t h e   s y s t e m   m i c r o p r o c e s s o r   d e t e r m i n e s   s i g n   v e c t o r s  

b a s e d   on  t h e   f o n t   v e c t o r s   and  o t h e r   d a t a   i n p u t   by  t h e  

o p e r a t o r   and  t r a n s m i t s   the   s i g n   v e c t o r s   to  a  m a c h i n e  

c o n t r o l l e r   w h i c h   a l s o   i n c l u d e s   a  m i c r o p r o c e s s o r .   T h e  

m a c h i n e   c o n t r o l l e r   c o n v e r t s   the  s i g n   v e c t o r s   to  s e r v o  

c o m m a n d s   and  t r a n s m i t s   them  to  X  and  Y  d r i v e   m o t o r s   w h i c h  

a r e   r e s p o n s i b l e   for   r e l a t i v e   m o t i o n   b e t w e e n   t h e   c u t t i n g  

or   p l o t t i n g   t o o l   and  t h e   web  m a t e r i a l   to   t r a c e   t he   d e -  

s i r e d   s i g n .   O f t e n   the   o p e r a t o r   d i r e c t s   t h e   m i c r o -  

p r o c e s s o r   to   p l o t   t he   s i g n   on  p l o t t i n g   p a p e r   to   c h e c k   t h e  

a p p e a r a n c e   of  the   s i g n   t e x t   b e f o r e   t he   r e l a t i v e l y   e x p e n -  

s i v e   s i g n   g e n e r a t i n g   s t o c k   is  u t i l i z e d .   If   t h e   o p e r a t o r  

i s   d i s s a t i s f i e d   w i t h   the   s i g n   a p p e a r a n c e ,   t h e n   he  or  s h e  

c a n   e n t e r   new  d a t a   i n t o   t he   s y s t e m   m i c r o p r o c e s s o r   d e -  

f i n i n g   a n o t h e r   s h a p e   or  s i z e   of  s i g n   t e x t .   The  d a t a  

e n t r y ,   s i g n   l a y o u t ,   and  t e s t i n g   p r o c e s s e s   may  be  r e p e a t e d  

a d d i t i o n a l   t i m e s   i f   d e s i r e d .  

A f t e r   the   o p e r a t o r   a r r i v e s   a t   a  s a t i s f a c t o r y  

s i g n   t e x t   a p p e a r a n c e ,   t h e   o p e r a t o r   may  d i r e c t   t h e   s y s t e m  

t o   c u t   one   or  more  s e t s   of  the   c h a r a c t e r s   f r o m   t h e   s i g n  

g e n e r a t i n g   s t o c k .   I f   many  s e t s   of  c h a r a c t e r s   a r e   d e -  

s i r e d ,   t h e n   the   c u t t i n g   p r o c e s s   may  r e q u i r e   a  s i g n i f i c a n t  

a m o u n t   of  t i m e   and  d u r i n g   such   c u t t i n g   t i m e ,   t h e   o p e r a t o r  

may  be  i d l e   b e c a u s e   t he   ' 525   s y s t e m   is   no t   e q u i p p e d   t o  

i n t e r a c t   w i t h   the  o p e r a t o r   to  d e f i n e   t h e   s h a p e   and  s i z e  

of  t e x t   of   a n o t h e r   s i g n   d u r i n g   the   c u t t i n g   p r o c e s s .  

A c c o r d i n g l y ,   a  g e n e r a l   o b j e c t   of  t h e   p r e s e n t  
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a t u s   and  p r o c e s s e s   for   c u t t i n g   a  f i r s t   s i g n   w h i l e   i n t e r -  

a c t i n g   w i t h   an  o p e r a t o r   to  d e f i n e   t h e   l a y o u t   of  a  s e c o n d  

s i g n .  

A  more  s p e c i f i c   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

is   to   p r o v i d e   s i g n   g e n e r a t i n g   a p p a r a t u s   and  and  p r o c e s s e s  

of   t h e   f o r e g o i n g   t y p e   w h i c h   a r e   a l s o   c a p a b l e   of  c a l c u l a t -  

ing   t h e   l a y o u t   of  t he   s e c o n d   s i g n   or  d i s p l a y i n g   t h e  

s e c o n d   s i g n   l a y o u t   on  a  v i d e o   m o n i t o r   d u r i n g   the   c u t t i n g  

of  t h e   f i r s t   s i g n   so  t h a t   t he   o p e r a t o r   d o e s   no t   h a v e   t o  

w a i t   w h i l e   the   f i r s t   s i g n   is   b e i n g   c u t   b e f o r e   p r o c e e d i n g  

w i t h   t h e   s e c o n d   s i g n   d a t a   e n t r y   and  l a y o u t .  

A n o t h e r   s p e c i f i c   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n  

i s   to   p r o v i d e   s i g n   g e n e r a t i n g   a p p a r a t u s   and  p r o c e s s e s   o f  

t h e   f o r e g o i n g   t y p e s   w h i c h   do  n o t   h a v e   a  l a r g e   c o m p u t e r  

r e q u i r e m e n t .  

S t i l l   a n o t h e r   s p e c i f i c   o b j e c t   of  the   p r e s e n t  

i n v e n t i o n   is  to  p r o v i d e   s i g n   g e n e r a t i n g   a p p a r a t u s   a n d  

p r o c e s s e s   of  t he   f o r e g o i n g   t y p e s ,   w h i c h   r e q u i r e   o n l y   o n e  

b a n k   of  f o n t s   to   s u p p o r t   b o t h   t h e   l a y i n g   o u t ,   d i s p l a y i n g  

and   c u t t i n g   o p e r a t i o n s .  

SUMMARY  OF  THE  INVENTION 

The  i n v e n t i o n   r e s i d e s   in  an  e f f i c i e n t   s i g n  

g e n e r a t i n g   a p p a r a t u s   w h i c h   is  c a p a b l e   of  c u t t i n g   a  s i g n  

w h i l e   i n t e r r a c t i n g   w i t h   an  o p e r a t o r   to   d e f i n e   t h e   l a y o u t  

of   a n o t h e r   s i g n .   The  a p p a r a t u s   c o m p r i s e s   a  k e y b o a r d   f o r  
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e n t e r i n g   f i r s t   s i g n   d a t a   and  s e c o n d   s i g n   d a t a ,   a  p r o -  

c e s s o r   f o r   s u p e r v i s i n g   the   d a t a   e n t r y ,   and  a  c u t t i n g  

a p p a r a t u s   f o r   c u t t i n g   a  f i r s t   s i g n   b a s e d   in  p a r t   on  t h e  

f i r s t   s i g n   d a t a   and  a  s e c o n d   s i g n   b a s e d   in  p a r t   on  t h e  

s e c o n d   s i g n   d a t a .   The  p r o c e s s o r   is  p r o g r a m m e d   to  s u p p l y  

c u t t i n g   v e c t o r s   to  t he   c u t t i n g   a p p a r a t u s   in  b e t w e e n   t h e  

i n t e r v a l s   t h a t   t h e   p r o c e s s o r   s u p e r v i s e s   t he   d a t a   e n t r y   s o  

t h a t   t h e   c u t t i n g   a p p a r a t u s   is  a b l e   to   cut   t h e   f i r s t   s i g n  

w h i l e   t h e   d a t a   d e f i n i n g   the  s e c o n d   s i g n   is  e n t e r e d  

t h r o u g h   t h e   k e y b o a r d .  

A c c o r d i n g   to  one  f e a t u r e   of  t he   i n v e n t i o n ,   t h e  

c u t t i n g   a p p a r a t u s   g e n e r a t e s   an  i n t e r r u p t   s i g n a l   when  i t  

r e q u i r e s   a  c u t t i n g   v e c t o r   f u r t h e r   d e f i n e   i t s   c u t t i n g  

c o u r s e   and  t r a n s m i t s   t he   i n t e r r u p t   s i g n a l   to   t h e   p r o -  

c e s s o r   m e a n s .   The  p r o c e s s o r   means  is  p r o g r a m m e d   t o  

r e c o g n i z e   t h e   i n t e r r u p t   s i g n a l   and  i n t e r r u p t   wha t   i t   i s  

c u r r e n t l y   d o i n g   to   c a l c u l a t e   and  t r a n s m i t   s u c h   a  c u t t i n g  

v e c t o r   to   t h e   c u t t i n g   a p p a r a t u s .   A f t e r w a r d s ,   t h e   p r o -  

c e s s o r   r e t u r n s   to  what   i t   was  d o i n g   b e f o r e   t h e   i n t e r -  

r u p t i o n .  

A c c o r d i n g   to  a n o t h e r   f e a t u r e   of  t h e   i n v e n t i o n ,  

t h e   p r o c e s s o r   i s   p r o g r a m m e d   to  d e t e r m i n e   a  f i r s t   s i g n  

l a y o u t   a c c o r d i n g   to  t he   f i r s t   s i g n   d a t a   and  a  s e c o n d   s ^ g n  

l a y o u t   a c c o r d i n g   to  t he   s e c o n d   s i g n   d a t a .   W h i l e   t h e  

p r o c e s s o r   d e t e r m i n e s   t he   s e c o n d   s i g n   l a y o u t ,   i t   is  p r o -  

g rammed   to   r e s p o n d   to  i n t e r r u p t s   by  the   c u t t i n g   a p p a r -  

a t u s ,   s u p p l y   s u i t a b l e   c u t t i n g   v e c t o r s ,   and  t h e n   r e t u r n   t o  

i t s   d e t e r m i n a t i o n   of  t h e   s e c o n d   s i g n   l a y o u t .  
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t h e   s i g n   g e n e r a t i n g   a p p a r a t u s   i n c l u d e s   a  v i d e o   d i s p l a y   t o  

d i s p l a y   the   s i g n   l a y o u t s   b e f o r e   c u t t i n g .   The  p r o c e s s o r  

d i r e c t s   the  d i s p l a y   and  is  p r o g r a m m e d   to  r e s p o n d   t o  

i n t e r r u p t s   by  the   c u t t i n g   a p p a r a t u s   to  s u p p l y   c u t t i n g  

v e c t o r s   in  o v e r l a p p e d   r e l a t i o n   w i t h   i t s   d i r e c t i o n   of  t h e  

v i d e o   d i s p l a y .  

The  i n v e n t i o n   a l s o   r e s i d e s   in  r e l a t e d   p r o c e s s e s .  

BRIEF  DESCRIPTION  OF  THE  FIGURES 

F i g .   1  is  a  p e r s p e c t i v e   v iew  of  a  s i g n   g e n e r -  

a t i n g   a p p a r a t u s   in  w h i c h   the   i n v e n t i o n   is  e m b o d i e d .  

F i g .   2  is  a  f r a g m e n t a r y   s e c t i o n a l   view  of  t h e  

s i g n   g e n e r a t i n g   a p p a r a t u s   of  F i g .   1  s h o w i n g   a  t o o l   h e a d  

and  a  m a t e r i a l   f e e d i n g   a s s e m b l y .  

F i g .   3  is  a  b l o c k   d i a g r a m   s c h e m a t i c a l l y   i l l u -  

s t r a t i n g   e l e c t r o n i c   c i r c u i t r y   w i t h i n   t h e   s i g n   g e n e r a t i n g  

a p p a r a t u s   of  F i g .   1 .  

F i g .   4  is  a  f l o w   c h a r t   i l l u s t r a t i n g   a  d a t a   e n t r y  

p r o c e s s   i m p l e m e n t e d   by  a  s y s t e m   m i c r o p r o c e s s o r   w i t h i n   t h e  

s i g n   g e n e r a t i n g   a p p a r a t u s   of  F i g .   1 .  

F i g .   5  is  a  f l o w   c h a r t   i l l u s t r a t i n g   a  s i g n  

l a y o u t   s u b r o u t i n e   i m p l e m e n t e d   by  the   s y s t e m   m i c r o -  

p r o c e s s o r .  

F i g .   6  is  a  f l o w   c h a r t   i l l u s t r a t i n g   a  v i d e o  

d i s p l a y   s u b r o u t i n e   i m p l e m e n t e d   by  the   s y s t e m   m i c r o -  

p r o c e s s o r .  

F i g .   7  is  a  f l o w   c h a r t   i l l u s t r a t i n g   a  p r o c e s s  
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i m p l e m e n t e d   by  a  m a c h i n e   c o n t r o l l e r   m i c r o p r o c e s s o r   t o  

c o n t r o l   a  c u t t i n g   m a c h i n e   of  t h e   s i g n   g e n e r a t i n g   a p p a r -  

a t u s   of  F i g .   1 .  

F i g .   8  is  a  s t a t e   d i a g r a m   i l l u s t r a t i n g   a  s u b -  

r o u t i n e   i m p l e m e n t e d   by  t h e   s y s t e m   m i c r o p r o c e s s o r   w h e n  

s e r v i c i n g   t h e   m a c h i n e   c o n t r o l l e r .  

t  -  . 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

T u r n i n g   now  t o   t he   f i g u r e s ,   F i g .   1  i l l u s t r a t e s   a  

s i g n   g e n e r a t i n g   a p p a r a t u s ,   g e n e r a l l y   d e s i g n a t e d   10  i n  

w h i c h   t h e   i n v e n t i o n   i s   e m b o d i e d .   The  a p p a r a t u s   1 0  

i n c l u d e s   a  k e y b o a r d   16  f o r   e n t e r i n g   d a t a   d e f i n i n g   a  

d e s i r e d   s i g n ,   and  a  c o m p u t e r   c o n t r o l l e r   11  f o r   s u p e r -  

v i s i n g   t h e   d a t a   e n t r y ,   d e t e r m i n i n g   a  s i g n   l a y o u t   b a s e d   o n  

t h e   d a t a ,   and  c o n t r o l l i n g   a  s i g n   c u t t i n g   o p e r a t i o n .   T h e  

a p p a r a t u s   10  a l s o   i n c l u d e s   a  c u t t i n g   and  p l o t t i n g   m a c h i n e  

15  f o r   c u t t i n g   or  p l o t t i n g   t he   l a y e d   ou t   s i g n ,   and  a  CRT 

or  v i d e o   m o n i t o r   13  f o r   i n s t r u c t i n g   the   o p e r a t o r   how  t o  

u s e   t h e   s y s t e m   d u r i n g   t h e   d a t a   e n t r y   p h a s e   and  f o r   d i s -  

p l a y i n g   a  l a y e d   ou t   s i g n   p r i o r   to   c u t t i n g .  

As  shown  in  F i g s .   1  and  2,  t he   c u t t i n g   a n d  

p l o t t i n g   m a c h i n e   15  c o m p r i s e s   a  c u t t i n g   and  p l o t t i n g   t o o l  

h e a d   12  w h i c h   is  s l i d a b l y   m o u n t e d   on  a  g u i d e r a i l   14.  A 

Y - s e r v o m o t o r   86  and  a  p u l l e y   a s s e m b l y   87  i s   c o u p l e d   t o   a  

t o o l   h e a d   c a r r i a g e   19  and  moves  the   t o o l   h e a d   12  l a t e r -  

a l l y   of  t h e   web  M.  The  web  M  i s   fed  l o n g i t u d i n a l l y   o f  

i t s e l f   u n d e r   t he   c u t t i n g   and  p l o t t i n g   h e a d   12  by  means   o f  
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a  f e e d   r o l l e r   20  h a v i n g   f e e d   s p r o c k e t s   2 2 , 2 2   a t   o p p o s i t e  

e n d s   w h i c h   f e e d   s p r o c k e t s   have   t e e t h   2 3 , 2 3   fo r   e n g a g i n g  

c o r r e s p o n d i n g   s p r o c k e t   h o l e s   in  the   web  m a t e r i a l   M.  T h e  

f e e d   r o l l e r   20  is  r o t a b l y   d r i v e n   by  means  of  a n  

X - s e r v o m o t o r   80.  B o t h   s e r v o m o t o r s   86  and  R0  a r e   c o n -  

t r o l l e d   by  command  s i g n a l s   from  the   c o m p u t e r   c o n t r o l l e r  

11.  Two  d i m e n s i o n a l   c h a r a c t e r s   and  d e s i g n s   a r e   f o r m e d   b y  

c o m p o s i t e   m o v e m e n t s   of  t h e   t o o l   head   12  l a t e r a l l y   of  t h e  

web  and  of  t he   web  m a t e r i a l   l o n g i t u d i n a l l y   of  i t s e l f .  

D u r i n g   c u t t i n g   o p e r a t i o n s ,   a  k n i f e   50  is  i n s t a l l e d   in  t h e  

t o o l   h e a d   12  and  s i g n   g e n e r a t i n g   web  m a t e r i a l   is   l o a d e d  

i n t o   t he   m a c h i n e   15.   D u r i n g   o p t i o n a l   p l o t t i n g   o p e r a -  

t i o n s ,   a  pen  or  p e n c i l   and  a  p a p e r   web  a r e   s u b s t i t u t e d .  

For  a  f u r t h e r   d e s c r i p t i o n   of  c o m p o n e n t s   of  t h e   a p p a r a t u s  

10,  r e f e r e n c e   may  be  made  to  U.S .   p a t e n t   4 , 4 6 7 , 5 2 5   t o  

Logan   w h i c h   was  i n c o r p o r a t e d   by  r e f e r e n c e   a b o v e   and  t o  

U .S .   p a t e n t   a p p l i c a t i o n   s e r i a l   no.  8 5 7 , 8 4 9   e n t i t l e d  

APPARATUS  AND  METHOD  FOR  AUTOMATIC  LAYOUT  OF  SIGN  f i l e d  

A p r i l   30,  1986  by  Wood  and  Logan   w h i c h   is  a l s o   a s s i g n e d  

to   t h e   a s s i g n e e   of  t h e   p r e s e n t   i n v e n t i o n   and  h e r e b y  

i n c o r p o r a t e d   by  r e f e r e n c e   as  p a r t   of  t he   p r e s e n t   d i s -  

c l o s u r e .  

F o c u s i n g   now  on  t h e   p r e s e n t   i n v e n t i o n ,   F i g .   3 

i l l u s t r a t e s   c i r c u i t r y   of  t h e   c o m p u t e r   c o n t r o l l e r   11  a n d  

o t h e r   c o m p o n e n t s .   The  k e y b o a r d   16  i s   a  s t a n d a r d  

a l p h a n u m e r i c   k e y b o a r d   and  i n c l u d e s   an  e n c o d e r   29  w h i c h  

c o n v e r t s   e a c h   k e y b o a r d   e n t r y   to  a  c o r r e s p o n d i n g   d i g i t a l  

s i g n a l .   T h r o u g h   t h e   k e y b o a r d   10,  t he   o p e r a t o r   may  e n t e r  
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s i g n   t e x t ,   s i g n   p a r a m e t e r s   s u c h   a  f o n t   t y p e ,   t e x t   l i n e  

h e i g h t s   and  a  s p a t i a l   f a c t o r   or  f i x e d   m a r g i n   s i z e s ,   a  

n u m b e r   of  s i g n s   to  be  c u t   a c c o r d i n g   to  one   l a y o u t ,   a n d  

c o m m a n d s   such   as  " l a y o u t   s i g n " ,   " d i s p l a y   s i g n "   or  " c u t  

s i g n " .   The  s p a t i a l   f a c t o r   i n d i c a t e s   a  d e s i r e d   l e v e l   o f  

o p e n n e s s   to  the   o v e r a l l   s i g n   a p p e a r a n c e   and  i t   e f f e c t s  

s u c h   d i m e n s i o n s   as  t he   m a r g i n   s i z e s   and  s p a c i n g   b e t w e e n  

t h e   c h a r a c t e r s   and  l i n e s   of  t e x t   as  d i s c u s s e d   in  t h e  

a f o r e s a i d   U.S.   p a t e n t   a p p l i c a t i o n   s e r i a l   no.   8 5 7 , 8 4 9 .  

The  a p p a r a t u s   10  o r d i n a r i l y   i n c l u d e s   a  p l u r a l i t y   of  f o n t s  

96,  9 8 . . .   100  wh ich   f o n t s   d e f i n e   t h e   s h a p e   of  c h a r a c t e r s   o f  

t h e   s i g n   t e x t   and  the   s t a n d a r d   s p a c i n g   b e t w e e n   t h e m ,   a n d  

p r o v i d e s   s u c h   i n f o r m a t i o n   in  t h e   form  of  v e c t o r s .   T h e  

s y s t e m   m i c r o p r o c e s s o r   80  a c c e s s e s   t he   f o n t s   s e l e c t e d   b y  

t h e   o p e r a t o r   t h r o u g h   a  f o n t   memory   m a p p i n g   c o n t r o l l e r   93  

w h i c h   a d d r e s s e s   the   s e l e c t e d   f o n t   v i a   a  common  b u s  

a r r a n g e m e n t .  

The  e n c o d e d   s i g n a l s   a r e   s u p p l i e d   to   an  o p e r a t o r  

i n t e r f a c e   19.  A l t h o u g h   t h e   o p e r a t o r   i n t e r f a c e   19  i s  

shown  a p a r t   f rom  a  s y s t e m   m i c r o p r o c e s s o r   80  in  F i g .   3 ,  

t h i s   i s   o n l y   s c h e m a t i c   b e c a u s e   in  a  p r e f e r r e d   e m b o d i m e n t  

of   t he   i n v e n t i o n   the   o p e r a t o r   i n t e r f a c e   is   a c t u a l l y   a  

s u b r o u t i n e   w i t h i n   t he   s y s t e m   m i c r o p r o c e s s o r   80  w h i c h  

s u b r o u t i n e   s u p e r v i s e s   t h e   e n t r y   of  d a t a .   The  o p e r a t o r  

i n t e r f a c e   p e r i o d i c a l l y   r e a d s   t h e   e n c o d e r   29,  and  i f   t h e  

e n c o d e r   p r e s e n t s   d a t a ,   s t o r e s   t he   d a t a   in  a  s e t - u p   b u f f e r  

74.   The  o p e r a t o r   i n t e r f a c e   19  a l s o   s u p p l i e s   a  menu  o n  

t h e   v i d e o   m o n i t o r   13  v i a   an  a l p h a n u m e r i c   c o n t r o l l e r   81 
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and  a l s o   r e c a l l s   p r e v i o u s l y   e n t e r e d   d a t a   for   d i s p l a y   w h e n  

c o m m a n d e d   by  t he   o p e r a t o r .  

A f t e r   the   o p e r a t o r   i n p u t s   a  f u l l   s e t   of  d a t a  

d e f i n i n g   a  s i g n   l a y o u t ,   he  or  she  may  i n s t i t u t e   t he   s i g n  

l a y o u t   command  to  d i r e c t   t h e   s y s t e m   m i c r o p r o c e s s o r   80  t o  

d e t e r m i n e   a  s i g n   l a y o u t   b a s e d   on  t he   t e x t   and  p a r a m e t e r  

d a t a   and  a  l a y o u t   a l g o r i t h m   s u c h   as  d e s c r i b e d   in  t h e  

a f o r e s a i d   p a t e n t   a p p l i c a t i o n   or  o t h e r   a l g o r i t h m .   T h e  

l a y o u t   a l g o r i t h m   may  d e t e r m i n e   p a r a m e t e r s   d e f i n i n g   t h e  

m a r g i n   s i z e s ,   s p a c i n g s   of  t h e   s i g n   c h a r a c t e r s   and  p o -  

s i t i o n i n g   of  t he   l i n e s   of  t e x t ,   w h i c h   p a r a m e t e r s   a r e   a l s o  

s t o r e d   in  t he   s e t   up  b u f f e r   74.  The  s y s t e m   m i c r o p r o -  

c e s s o r   80  a l s o   u t i l i z e s   t h e   p a r a m e t e r   d a t a   to  d e t e r m i n e  

v e c t o r s   w h i c h   d e f i n e   one  or  more  o p t i o n a l   s i g n   b o r d e r s   o r  

o t h e r   d e s i g n s   on  the   s i g n .   By  way  of  e x a m p l e ,   i f   u n -  

i n t e r r u p t e d ,   t he   s i g n   l a y o u t   a l g o r i t h m   may  r e q u i r e   2 0 0  

m i l l i s e c o n d s   to  c o m p l e t e   a c c o r d i n g   to  the   a f o r e s a i d  

p a t e n t   a p p l i c a t i o n ,   a l t h o u g h   o t h e r   l a y o u t   a l g o r i t h m s   may 

be  u s e d   i n s t e a d .  

A l s o   by  way  of  e x a m p l e ,   t h e   s y s t e m   m i c r o p r o -  

c e s s o r   i s   a  16  b i t   mode l   Z8002  and  is   p r o g r a m m e d   t o  

p a r t i c i p a t e   in  the   d i s p l a y   of  t he   s i g n   l a y o u t   on  t h e  

v i d e o   m o n i t o r   13.  Once  c o m m a n d e d   to   d i s p l a y   a  s i g n  

l a y o u t ,   t he   g r a p h i c s   c o n t r o l l e r   83  is   s u p p l i e d   w i t h  

v e c t o r s   f rom  the   m i c r o p r o c e s s o r   80  as  f a s t   as  t h e   m i c r o -  

p r o c e s s o r   80  can  g e n e r a t e   them  and  and  c o n v e r t s   t h e  

v e c t o r s   to  s c a n   s i g n a l s   w h i c h   c o n t r o l   t he   p i c t u r e   t u b e  

w i t h i n   t he   v i d e o   m o n i t o r .   By  way  of  e x a m p l e ,   t he   m i c r o -  
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p r o c e s s o r   80  is  c a p a b l e   of  t r a n s m i t t i n g   a  v e c t o r   e v e r y   7 0  

m i c r o s e c o n d s   to  t he   g r a p h i c s   c o n t r o l l e r   R3.  The  g r a p h i c s  

c o n t r o l l e r   d o e s   no t   h a v e   any  s t o r a g e   c a p a b i l i t y   and  s o ,  

c o n v e r t s   t h e   v e c t o r s   to  s c a n   s i g n a l s   as  i t   r e c e i v e s   t h e  

v e c t o r s .   In  t he   e v e n t ,   as  d i s c u s s e d   b e l o w ,   t h a t   t h e  

t r a n s m i s s i o n   of  s u c h   v e c t o r s   f rom  t h e   s y s t e m   m i c r o -  

p r o c e s s o r   80  to  t he   g r a p h i c s   c o n t r o l l e r   83  is  i n t e r -  

r u p t e d ,   t h e   g r a p h i c s   c o n t r o l l e r   83  is  e q u i p p e d   to  r e -  

p e a t e d l y   r e f r e s h   the   s c r e e n   w i t h   s i g n a l s   d e r i v e d   f rom  t h e  

p r e v i o u s l y   t r a n s m i t t e d   v e c t o r s   u n t i l   t h e   m i c r o p r o c e s s o r  

t r a n s m i t s   new  v e c t o r s   to   c o m p l e t e   a  v i d e o   i m a g e .  

A f t e r   t h e   o p e r a t o r   v i e w s   t he   s i g n   l a y o u t   on  t h e  

v i d e o   m o n i t o r   13,  t h e   o p e r a t o r   can  c h a n g e   the   d a t a   i f  

d i s s a t i s f i e d   w i t h   t h e   s i g n   l a y o u t   or  can   command  t h a t   t h e  

t e x t   and  o p e r a t o r   e n t e r e d   p a r a m e t e r s   and  o t h e r   p a r a m e t e r s  

c a l c u l a t e d   in  t he   l a y o u t   a l g o r i t h m   be  t r a n s f e r r e d   to   a  

p l o t t e r   b u f f e r   102  and   t h a t   one  or  more  s i g n s   a c c o r d i n g  

to  t h e   d a t a   be  cu t   by  t h e   m a c h i n e   15.  The  p l o t t e r   d a t a  

b u f f e r   102  is   c a p a b l e   of  s t o r i n g   many  s e t s   of  s i g n   d a t a  

and  by  way  of  e x a m p l e ,   c o m p r i s e   a  r a n d o m   a c c e s s   m e m o r y .  

When  commanded   to  i n s t i t u t e   a  c u t t i n g   or  p l o t t i n g   o p e r a -  

t i o n ,   t he   s y s t e m   m i c r o p r o c e s s o r   80  t r a n s m i t s   p l o t t e r  

v e c t o r s ,   s i m i l a r   to  t h o s e   t r a n s m i t t e d   to   t he   g r a p h i c s  

c o n t r o l l e r   83  one  a t   a  t i m e   to   a  m a c h i n e   c o n t r o l  

p r o c e s s o r   110  to   d i r e c t   c u t t i n g   or  p l o t t i n g   o p e r a t i o n s .  

The  m a c h i n e   c o n t r o l   p r o c e s s o r   110  a l s o   i n c l u d e s   a  m i c r o -  

p r o c e s s o r   w h i c h ,   by  way  of  e x a m p l e ,   is  a  16  b i t   m o d e l  

8002  and  i s   p r o g r a m m e d   to   c o n v e r t   t he   p l o t t e r   v e c t o r s   t o  
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s e r v o m o t o r   commands   w h i c h   c o n t r o l   t h e   X  motor   80  and  Y 

m o t o r   86  to   move  the   f e e d   r o l l e r   20  and  web  m a t e r i a l   M  i n  

such   a  m a n n e r   as  to  c a u s e   t he   c u t t i n g   or  p l o t t i n g   i n s t r u -  

ment  to  t r a c e   the   d e s i r e d   c h a r a c t e r s ,   s i g n   b o r d e r s   o r  

o t h e r   s i g n   d e s i g n s .   A l o n g   w i t h   t h e s e   v e c t o r s ,   t h e   m i c r o -  

p r o c e s s o r   t r a n s m i t s   o t h e r   c o n t r o l   s i g n a l s   to  the  m a c h i n e  

c o n t r o l   p r o c e s s o r   110  wh ich   d i r e c t   t he   l o w e r i n g   a n d  

r a i s i n g   of  the   c u t t i n g   or  p l o t t i n g   t o o l   by  an  a p p r o p r i a t e  

a c t u a t o r   and.  r o t a t i o n   of  the   k n i f e   to  m a i n t a i n   i t   t a n g e n t  

to  the   l i n e   of  c u t .   The  m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0  

i n c l u d e s   a  b u f f e r   111  to   s t o r e   a  m u l t i p l i c i t y   of  t h e  

p l o t t e r   v e c t o r s   t r a n s m i t t e d   by  the   s y s t e m   m i c r o p r o c e s s o r  

80.  By  way  of  e x a m p l e ,   t he   b u f f e r   111  when  f i l l e d  

c o n t a i n s   e n o u g h   v e c t o r s   to   d i r e c t   up  to   many  s e c o n d s   o f  

c u t t i n g   or  p l o t t i n g   m o t i o n   d e p e n d i n g   on  the   number   o f  

t u r n s   in  t he   m o t i o n .   If   t he   s i g n   c o n t a i n s   many  s u c h  

t u r n s ,   t h e n   the   v e c t o r s   a r e   u t i l i z e d   r a p i d l y   to  d i r e c t  

t h e   t o o l   movement   and  t he   b u f f e r   may  be  d i s s i p a t e d  

q u i c k l y .  

To  p r o v i d e   s m o o t h   t r a n s i t i o n s   and  c o n t i n u o u s  

t r a c e s   in  a  c u t t i n g   or  p l o t t i n g   o p e r a t i o n   and  to  e x p e d i t e  

t h e   o p e r a t i o n ,   i t   is  d e s i r a b l e   t h a t   t he   b u f f e r   of  t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   no t   run  ou t   of  p l o t t e r   v e c t o r s  

u n t i l   t he   s i g n   is  c o m p l e t e l y   c u t .   To  t h i s   end,   t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   is   p r o g r a m m e d ,   as  d e s c r i b e d   i n  

more  d e t a i l   b e l o w ,   to  r e q u e s t   p l o t t e r   v e c t o r s   one  at  a  

t i m e   f rom  the   s y s t e m   m i c r o p r o c e s s o r   80  w h e n e v e r   t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   has   room  a v a i l a b l e   in  i t s  
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b u f f e r .   By  way  of  e x a m p l e ,   i t   may  r e q u i r e   1 - 2  

m i l l i s e c o n d s   fo r   t he   s y s t e m   m i c r o p r o c e s s o r   RO  to  r e s p o n d  

to   a  r e q u e s t   and  c a l c u l a t e   and  t r a n s m i t   a  v e c t o r   to  t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0 .  

The  s y s t e m   m i c r o p r o c e s s o r   80  is  p r o g r a m m e d   t o  

p r o v i d e   s e v e r a l   r o u t i n e s   o r   s u b p r o g r a m s   i n c l u d i n g   a  d a t a  

e n t r y   s u b r o u t i n e   190  ( F i g .   4 ) ,   a  s i g n   l a y o u t   s u b r o u t i n e  

192  ( F i g .   5) ,   a  v i d e o   d i s p l a y   s u b r o u t i n e   191  ( F i g .   6)  a n d  

a  s e r v i c e   i n t e r r u p t   s u b r o u t i n e   204  ( F i g .   3)  in  c a r r y i n g  

ou t   o v e r l a p p e d   c o n t r o l   of  t h e   k e y b o a r d   16,  m a c h i n e  

c o n t r o l   p r o c e s s o r   110,   and   t h e   g r a p h i c s   c o n t r o l l e r   8 3 .  

T u r n i n g   now  t o   F i g .   4,  t h e   d a t a   e n t r y   s u b r o u t i n e  

190  b e g i n s   by  an  o p e r a t o r   m a k i n g   a  s t a r t   command  t h r o u g h  

t h e   k e y b o a r d   16  ( s t e p   2 0 0 ) . '   N e x t ,   t he   s y s t e m   m i c r o p r o -  

c e s s o r   80  c h e c k s   an  i n t e r r u p t   f l a g   l i n e   201  ( F i g .   3)  t o  

d e t e r m i n e   w h e t h e r   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0  

r e q u i r e s   a t t e n t i o n   ( s t e p   2 0 2 ) .   As  d i s c u s s e d   in  m o r e  

d e t a i l   b e l o w ,   t h e   a t t e n t i o n   r e q u i r e d   by  the   m a c h i n e  

c o n t r o l   p r o c e s s o r   110  i s   t h e   t r a n s m i s s i o n   of  a  m o t i o n  

command  f o r   t he   p l o t t i n g   or   c u t t i n g   t o o l   of  t h e   m a c h i n e  

10  in  a c c o r d a n c e   w i t h   t h e   s i g n   t e x t   and  l a y o u t   ( s t e p  

2 0 4 a ) .   When  in  need   of  s u c h   a  m o t i o n   command,   t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   110  s e t s   t he   f l a g   and  t h e  

s y s t e m   m i c r o p r o c e s s o r   80  s e r v i c e s   i t   ( s t e p   80)  as  d i s c u s -  

s ed   in  more  d e t a i l   b e l o w   ( s t e p   204a_).  By  way  of  e x a m p l e ,  

t h e   f a s t e s t   k e y b o a r d   o p e r a t o r   can  i n p u t   l e s s   t h a n   10  

c h a r a c t e r s   pe r   s e c o n d   so  t h a t   t h e   t ime   b e t w e e n   d a t a  

e n t r i e s   is  t y p i c a l l y   g r e a t e r   t h a n   100  m i l l i s e c o n d s   a n d  
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t he   t ime   r e q u i r e d   by  t h e   e n c o d e r   17,  o p e r a t o r   i n t e r f a c e  

19  and  s e t   up  b u f f e r   74  to  p r o c e s s   the   d a t a   e n t r y   i s   l e s s  

t h a n   100  m i c r o s e c o n d s .   C o n s e q u e n t l y ,   b e t w e e n   e a c h   d a t a  

e n t r y ,   t h e r e   a r e   more  t h a n   99  m i l l i s e c o n d s   pe r   d a t a   e n t r y  

when  the   s y s t e m   m i c r o p r o c e s s o r   80  is  not   r e q u i r e d   t o  

a c t i v e l y   p a r t i c i p a t e   in  t he   d a t a   e n t r y   o p e r a t i o n   and  c a n  

a t t e n d   to   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   110.  I t   s h o u l d  

be  n o t e d   t h a t   u n t i l   one   s i g n   has   been   l a y e d   ou t   and  i t s  

d a t a   is  s u b s e q u e n t l y   s t o r e d   in  the   p l o t t e r   b u f f e r   1 0 2 ,  

the   m a c h i n e   c o n t r o l   p r o c e s s o r   110  w i l l   not   o r d i n a r i l y   b e  

a c t i v a t e d   to   r e q u e s t   s e r v i c i n g .  

The  m a c h i n e   c o n t r o l   p r o c e s s o r   110  r u n s  

a  s y n c h r o n o u s l y   w i t h   t he   s y s t e m   m i c r o p r o c e s s o r   80  so  t h a t  

the   s y s t e m   m i c r o p r o c e s s o r   c a n n o t   o r d i n a r i l y   p r e d i c t   t h e  

t i m i n g   of  t h e   i n t e r r u p t s   g e n e r a t e d   by  the   m a c h i n e   c o n t r o l  

p r o c e s s o r   11.0.  If   t h e r e   was  no  i n t e r r u p t   f l a g   r e a d   i n  

t he   s t e p   202 ,   t h e   s y s t e m   m i c r o p r o c e s s o r   80  p r o c e e d s   t o  

r e a d   t h e   k e y b o a r d   e n c o d e r   29  o u t p u t s   to  d e t e r m i n e   i f   t h e  

o p e r a t o r   h a s   e n t e r e d   new  d a t a   t h r o u g h   the   k e y b o a r d   ( s t e p  

2 0 6 ) .   If   t h e r e   h a s   n o t   b e e n   a  d a t a   e n t r y   d e t e c t e d   i n  

s t e p   206  ( s t e p   2 0 8 ) ,   t h e   s y s t e m   m i c r o p r o c e s s o r   80  m o v e s  

back   to   t h e   s t e p   202  to   a g a i n   c h e c k   the   i n t e r r u p t   l i n e  

201.  On  t he   o t h e r   h a n d ,   i f   t h e r e   has   been   a  d a t a   e n t r y  

( s t e p   2 0 8 ) ,   t h e   s y s t e m   m i c r o p r o c e s s o r   80  p r o c e e d s   t o  

s t o r e   t he   d a t a   e n t r y   in  t he   s e t   up  b u f f e r   74  ( s t e p   2 1 0 ) .  

If  t he   o p e r a t o r   h a s   c o m p l e t e d   h i s   or  he r   d a t a   e n t r y  

d e f i n i n g   a  s i g n   ( s t e p   2 1 2 ) ,   t h e n   the   d a t a   e n t r y   s u b -  

r o u t i n e   190  is   d o n e   ( s t e p   213)  and  i f   n o t ,   t he   s y s t e m  
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m i c r o p r o c e s s o r   80  l o o p s   b a c k   to   t h e   s t e p   202  to   a g a i n  

c h e c k   the   i n t e r r u p t   l i n e   2 0 1 .  

N e x t ,   t h r o u g h   t h e   k e y b o a r d   16,  t h e   o p e r a t o r   may  

d i r e c t   t he   s y s t e m   m i c r o p r o c e s s o r   80  to  e x e c u t e   i t s   s i g n  

l a y o u t   a l g o r i t h m   s u b r o u t i n e   192  and  t h i s   s t e p   i s   l a b e l e d  

220  in  F i g .   5.  A f t e r   t he   l a y o u t   s u b r o u t i n e   is   i n i t i a t e d ,  

t h e   s y s t e m   m i c r o p r o c e s s o r   80  e x e c u t e s   one  or  a  few  s t e p s  

in  i t s   l a y o u t   s u b r o u t i n e   { s t e p   2 2 2 ) .   Then  the   s y s t e m  

m i c r o p r o c e s s o r   80  c h e c k s   t h e   i n t e r r u p t   l i n e   201  ( s t e p  

224)   t o   d e t e r m i n e   w h e t h e r   t h e   m a c h i n e   c o n t r o l   p r o c e s s o r  

110  r e q u i r e s   a t t e n t i o n .   A  s e r v i c i n g   s u b r o u t i n e   ( s t e p  

204b)   w i l l   be  d i s c u s s e d   in  more  d e t a i l   b e l o w .   I f   t h e r e  

was  no  i n t e r r u p t   f l a g   on  t h e   i n t e r r u p t   l i n e   201,   t h e  

s y s t e m   m i c r o p r o c e s s o r   moves  back   to  t h e   s t e p   222  v i a   a  

s t e p   228  to   e x e c u t e   t h e   n e x t   s t e p   or   few  s t e p s   in  t h e  

l a y o u t   a l g o r i t h m   b e c a u s e   a t   t h i s   s t a g e   t he   l a y o u t  

a l g o r i t h m   has   no t   y e t   b e e n   c o m p l e t e d   ( s t e p   2 2 8 ) .   I f  

t h e r e   was  an  i n t e r r u p t   f l a g ,   t he   s y s t e m   m i c r o p r o c e s s o r  

s e r v i c e s   t h e   i n t e r r u p t   ( s t e p   204b)   as  d i s c u s s e d   in  m o r e  

d e t a i l   b e l o w   and   t h e n   l o o p s   back   to   t h e   s t e p   222 .   A f t e r  

many  i t e r a t i o n s   of  s t e p s   2 2 2 - 2 2 8   t h e   l a y o u t   a l g o r i t h m   i s  

c o m p l e t e d   ( s t e p   2 1 3 ) .  

Then  t h e   o p e r a t o r   can  command  t h r o u g h   t h e   k e y -  

b o a r d   16  t h a t   t h e   s i g n   d a t a   be  t r a n s f e r r e d   to   t h e   p l o t t e r  

b u f f e r   102  f o r   u s e   in  a  s u b s e q u e n t   c u t t i n g   or  p l o t t i n g  

o p e r a t i o n   or  can   i n i t i a t e   t he   v i d e o   d i s p l a y   a l g o r i t h m   1 9 1  

( F i g .   6)  t o   d i s p l a y   t h e   l a y e d   ou t   s i g n   on  the   v i d e o  

m o n i t o r   13  ( s t e p   2 3 0 ) .   If  t h e   o p e r a t o r   r e q u e s t s   s u c h   a  

^ v : # > ; f e ' - - . .  
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d i s p l a y ,   t h e n   the   s y s t e m   m i c r o p r o c e s s o r   80  a c t i v a t e s   t h e  

g r a p h i c s   c o n t r o l l e r   83  ( s t e p   2 3 2 ) ,   and  t h e n   t r a n s m i t s   a  

v e c t o r   to   t h e   g r a p h i c s   c o n t r o l l e r ,   ( s t e p   2 3 3 ) .   Then  t h e  

s y s t e m   m i c r o p r o c e s s o r   c h e c k s   the   i n t e r r u p t   l i n e   201  ( s t e p  

234)   to   d e t e r m i n e   w h e t h e r   the   m a c h i n e   c o n t r o l   p r o c e s s o r  

110  r e q u i r e s   a t t e n t i o n .   If  n o t ,   the   s y s t e m   m i c r o p r o -  

c e s s o r   l o o p s   t h r o u g h   the   s t e p s   234  and  233  and  s u p p l i e s  

a n o t h e r   v e c t o r   to  the   g r a p h i c s   c o n t r o l l e r .   The  v e c t o r s  

t r a n s m i t t e d   to  the   g r a p h i c s   c o n t r o l l e r   83  a r e   s i m i l a r   t o  

t h o s e   t r a n s m i t t e d   to  t he   m a c h i n e   c o n t r o l   p r o c e s s o r   e x c e p t  

t h a t   t h e   g r a p h i c s   c o n t r o l l e r   v e c t o r s   a r e   s u i t a b l y   s c a l e d  

t o   c o r r e s p o n d   to  t he   r e l a t i v e l y   s m a l l   s c r e e n   s i z e   and  a r e  

t r a n s l a t e d   to   a c c o m o d a t e   t he   d i s p l a y   c h a r a c t e r i s t i c s   o f  

t h e   s c r e e n .   Upon  r e c e i p t   of  e a c h   v e c t o r ,   t h e   g r a p h i c s  

c o n t r o l l e r   83  c o n v e r t s   t h e   i n f o r m a t i o n   c o n t a i n e d   in  t h e  

v e c t o r   to   s u i t a b l e   c o n t r o l   s i g n a l s   fo r   t h e   p i c t u r e   t u b e  

of  t h e   v i d e o   m o n i t o r   13.  A f t e r   t h e   e n t i r e   l a y o u t   h a s  

b e e n   d i s p l a y e d   on  the   v i d e o   m o n i t o r   13  ( s t e p   234)  a  

d e c i s i o n   s t e p   235  l e a d s   to  t he   end  of  t h e   d i s p l a y   a l g o -  

r i t h m   191  ( s t e p   236)  . 

I f   t he   o p e r a t o r   is  s a t i s f i e d   w i t h   t he   l a y o u t  

d i s p l a y e d   on  the   m o n i t o r   13,  t h e n ,   t he   o p e r a t o r   m a y  

i n s t r u c t   t he   s y s t e m   m i c r o p r o c e s s o r   80  t h a t   t he   d a t a  

p r e v i o u s l y   e n t e r e d   t h r o u g h   t he   k e y b o a r d   and  t h e   l a y o u t  

d a t a   i s   a c c e p t a b l e   f o r   s u b s e q u e n t   c u t t i n g .   In  w h i c h  

c a s e ,   t h e   e n t e r e d   d a t a   and  l a y o u t   a r e   t r a n s f e r r e d   to   t h e  

p l o t t e r   b u f f e r   102  to  be  u s e d   by  t he   s y s t e m   m i c r o p r o -  

c e s s o r   80  to  d i r e c t   a  s u b s e q u e n t   c u t t i n g   o p e r a t i o n .   I f  
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t h e   l a y o u t   d i s p l a y e d   on  t h e   v i d e o   m o n i t o r   13  is  n o t  

a c c e p t a b l e ,   t he   o p e r a t o r   h a s   t he   o p p o r t u n i t y   to  r e t u r n   t o  

t h e   s t e p   200  of  t he   d a t a   e n t r y   s u b r o u t i n e   190  and  e n t e r  

new  d a t a   t h r o u g h   the   k e y b o a r d   16  to   a l t e r   t he   s i g n  

l a y o u t .   By  way  of  e x a m p l e ,   s u c h   new  d a t a   may  i n d i c a t e  

new  s i g n   t e x t   or  d e s i g n s ,   new  l i n e   h e i g h t s ,   new  m a r g i n  

s i z e s ,   or  a  new  s p a t i a l   f a c t o r .   A f t e r   t he   e n t r y   of  new  

d a t a ,   t h e   o p e r a t o r   h a s   t he   o p p o r t u n i t y   a g a i n   to  e x e c u t e  

a n o t h e r   s i g n   l a y o u t   s u b r o u t i n e   by  a  s u i t a b l e   c o m m a n d  

t h r o u g h   the   k e y b o a r d   16  ( s t e p   220)   and  a n o t h e r   v i d e o  

d i s p l a y   s u b r o u t i n e   1 9 1 .  

A f t e r   a c c e p t a b l e   l a y o u t   d a t a   has   been   s t o r e d   i n  

t h e   p l o t t e r   b u f f e r   102,   t h e   o p e r a t o r   has   t h e   o p p o r t u n i t y  

to   s i g n a l   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   110  to  b e g i n  

c u t t i n g   one  or  more  s i g n s   a c c o r d i n g   to  t h e   d a t a   ( s t e p   2 6 0  

of  F i g .   7)  and  t h e n   e n t e r   new  d a t a   d e f i n i n g   a n o t h e r   s i g n  

to   b e g i n   t he   p r o c e s s   a g a i n .   A f t e r   s i g n a l l i n g   t h e   m a c h i n e  

c o n t r o l ,   t he   m a c h i n e   c o n t r o l   110  b e g i n s   i t s   own  p l o t t i n g  

s u b r o u t i n e   261  and  d e t e r m i n e s   w h e t h e r   i t s   b u f f e r   111  i s  

f u l l   ( s t e p   2 7 2 ) .   B e c a u s e   t h e   b u f f e r   111  i s   no t   y e t   f u l l ,  

t h e   m i c r o p r o c e s s o r   110  r e q u e s t s   a  m o t i o n   command  262  f r o m  

t h e   s y s t e m   m i c r o p r o c e s s o r   80  by  s e t t i n g   t h e   i n t e r r u p t  

l i n e   201 .   In  g e n e r a l   t h e   m o t i o n   commands   can   t a k e  

s e v e r a l   f o r m s ,   for   e x a m p l e ,   a  v e c t o r   w h i c h   i n d i c a t e s   a  

s t a r t i n g   p o i n t   or  c o u r s e   f o r   t h e   c u t t i n g   t o o l   12,  a  

command  to   l o w e r   t he   c u t t i n g   t o o l   i n t o   e n g a g e m e n t   w i t h  

t h e   web  m a t e r i a l   M  or  a  command  to   r o t a t e   t h e   c u t t i n g  

t o o l   to   m a i n t a i n   t he   b l a d e   in  a l i g n m e n t   w i t h   the   c u t t i n g  
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d i r e c t i o n .   When  the   s y s t e m   m i c r o p r o c e s s o r   80  r e a d s   t h e  

i n t e r r u p t   l i n e   201  ( s t e p s   2 0 2 , 2 2 4   or   2 3 4 ) ,   i t   t e m p o r a r i l y  

e x i t s   t he   s u b r o u t i n e   t h a t   i t   is  c u r r e n t l y   e x e c u t i n g   a n d  

s e r v i c e s   t he   i n t e r r u p t   s t e p   204  a_,  b  or  £.  I t   s h o u l d   b e  

n o t e d   t h a t   when  the   s y s t e m   m i c r o p r o c e s s o r   80  is  n o t  

i n v o l v e d   in  e x e c u t i n g   e i t h e r   s u b r o u t i n e   190,  191  or  1 9 2 ,  

i t   n e v e r t h e l e s s   r e p e a t e d l y   m o n i t o r s   the   i n t e r r u p t   l i n e  

201  f o r   i n t e r r u p t s   from  t he   m a c h i n e   c o n t r o l   p r o c e s s o r  

1 1 0 .  

To  s e r v i c e   the   i n t e r r u p t ,   t he   m i c r o p r o c e s s o r   80  

s t o r e s   a l l   t h e   d a t a   h e l d   in  i t s   a r i t h m a t i c   and  l o g i c   u n i t  

and   o t h e r   v o l a t i l e   d a t a   e x i s t i n g   a t   t he   i n t e r r u p t   p o i n t  

in  t h e   s u b r u t i n e   wh ich   i t   is  c u r r e n t l y   e x e c u t i n g   ( t h e  

d a t a   e n t r y   s u b r o u t i n e   190,   the   v i d e o   d i s p l a y   s u b r o u t i n e  

101  or  t h e   s i g n   l a y o u t   s u b r o u t i n e   192)   and  a l s o   s t o r e s   a  

p r o g r a m   c o u n t e r   i n d i c a t i n g   the   s t e p   in  t he   r e s p e c t i v e  

s u b r o u t i n e   w h e r e   t he   m i c r o p r o c e s s o r   80  l e a v e s   o f f .   T h e n  

t h e   m i c r o p r o c e s s o r   80  c a l c u l a t e s   t h e   a p p r o p r i a t e   m o t i o n  

command  u t i l i z i n g   the   i n f o r m a t i o n   in  t h e   p l o t t e r   b u f f e r  

102  and   v e c t o r s   from  t he   p r e v i o u s l y   s e l e c t e d   f o n t   96,  98  

or   100  and  t r a n s m i t s   t he   v e c t o r s   t o   t h e   p r o c e s s o r   1 1 0 .  

T h e n ,   t h e   s y s t e m   m i c r o p r o c e s s o r   80  s t o r e s   in  m e m o r y ,  

i n f o r m a t i o n   i n d i c a t i n g   w h e r e   t he   s y s t e m   m i c r o p r o c e s s o r   80  

l e a v e s   o f f   in  i t s   s u p p l y   of  m o t i o n   commands   or  o t h e r  

v e c t o r s   to  t h e   m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0 .  

The  a f o r e s a i d   a l g o r i t h m   204  f o r   s e r v i c i n g   a n  

i n t e r r u p t   f rom  the   m a c h i n e   c o n t r o l   p r o c e s s o r   110  i s  

i l l u s t r a t e d   in  F i g .   8.  In  the  p r e s e n t   e x a m p l e ,   t h e  
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m a c h i n e   c o n t r o l   p r o c e s s o r   110  is   r e q u e s t i n g   i t s   f i r s t  

m o t i o n   command  so  t h a t   t h e   s y s t e m   m i c r o p r o c e s s o r   8 0  

p r o c e e d s   to   s t a t e   number   1  and  g e n e r a t e s   a  s t a r t   j o b  

s i g n a l   i n d i c a t i n g   t h a t   a  new  s i g n   is   to   be  c u t .   Then   t h e  

m i c r o p r o c e s s o r   80  s t o r e s   a  n o t e   ( s y m b o l   2)  in  i t s   m e m o r y  

t h a t   i t   has   t r a n s m i t t e d   t h e   s t a r t   j ob   s i g n a l   to   t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   110.  T h i s   n o t a t i o n   s t e p   a n d  

o t h e r s   f o l l o w i n g   t h e   t r a n s m i t t a l   of  e a c h   m o t i o n   c o m m a n d  

a r e   i n d i c a t e d   s c h e m a t i c a l l y   by  an  a r r o w   282  w h i c h   s e r v e s  

as  a  p r o g r a m   c o u n t e r   i n d i c a t i n g   w h e r e   t h e   s y s t e m   m i c r o -  

p r o c e s s o r   80  i s   to   r e s u m e   c a l c u l a t i n g   t he   n e x t   m o t i o n  

command  upon   r e c o g n i t i o n   of  t he   n e x t   i n t e r r u p t   on  l i n e  

201.   T h e n ,   t h e   s y s t e m   m i c r o p r o c e s s o r   80  r e t u r n s   to  t h e  

s u b r o u t i n e   t h a t   i t   was  e x e c u t i n g   b e f o r e   i n t e r r u p t i o n   b y  

t h e   m a c h i n e   c o n t r o l   p r o c e s s o r   by  t he   s t e p   262  ( e i t h e r   t h e  

d a t a   e n t r y   s u b r o u t i n e   190,  t h e   s i g n   l a y o u t   s u b r o u t i n e  

192  or  t h e   v i d e o   d i s p l a y   s u b r o u t i n e   191)  and  u t i l i z e s   t h e  

s t o r e d   d a t a   and  p r o g r a m   c o u n t e r   of  t h e   s u b r o u t i n e   t o  

d e t e r m i n e   w h e r e   and  how  to  c o n t i n u e .  

M e a n w h i l e   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   110  a d d s  

t h e   m o t i o n   command  to  i t s   b u f f e r   111  ( s t e p   264  in  F i g .  

7 ) .   F i g .   7  a l s o   i l l u s t r a t e s   by  a  d o u b l e   l i n e d   a r r o w   2 6 5  

t h e   d a t a   f l ow  to   t he   m a c h i n e   c o n t r o l   b u f f e r   111 .   N e x t ,  

t h e   m a c h i n e   c o n t r o l   p r o c e s s o r   110  d e t e r m i n e s   w h e t h e r   t h e  

t o o l   12  h a s   c o m p l e t e d   a  c u t t i n g   s t r o k e   or  c o n t o u r   i n d i -  

c a t e d   by  a  v e c t o r   s t o r e d   in  i t s   b u f f e r   111  ( s t e p   2 6 8 ) .  

B e c a u s e   no  s u c h   v e c t o r s   have   y e t   b e e n   t r a n s m i t t e d   to   t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   110,  t he   b u f f e r   111  i s   n o t  
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s u f f i c i e n t l y   e n g a g e d ,   and  i t   i s   no t   y e t   t i m e   to   d r i v e   t h e  

X  and  Y  s e r v o m o t o r s   80  and  86,  t h e   m a c h i n e   c o n t r o l   p r o -  

c e s s o r   110  l o o p s   back   to  t h e   s t e p   272 .   B e c a u s e   i t s  

c o n t o u r   b u f f e r   memory  111  is  n o t   f u l l   the   m i c r o p r o c e s s o r  

110  r e q u e s t s   a n o t h e r   m o t i o n   command  f rom  t he   s y s t e m  

m i c r o p r o c e s s o r   80  by  s e t t i n g   t h e   i n t e r r u p t   f l a g   on  t h e  

d a t a   l i n e   201.  When  the   s y t e m   m i c r o p r o c e s s o r   80  r e a d s  

t he   i n t e r r u p t   f l a g ,   i t   s t o r e s   t he   d a t a   of  i t s   a r i t h m a t i c  

and  l o g i c   u n i t ,   i t s   p r o g r a m   c o u n t e r   f o r   t h e   s u b r o u t i n e  

t h a t   i t   i s   c u r r e n t l y   e x e c u t i n g   and  a l l   o t h e r   v o l a t i l e  

d a t a   n e e d e d   to  r e s u m e   the   sub   r o u t i n e   l a t e r ,   and  r e c a l l s  

f rom  i t s   memory  the   l o c a t i o n   of  t h e   p r o g r a m   c o u n t e r   282  

w h i c h   i n d i c a t e s   where   i t   l e f t   o f f   w i t h   t h e   c a l c u l a t i o n   o f  

t h e   l a s t   m o t i o n   command.  In  t h i s   c a s e ,   t h e   s y s t e m   m i c r o -  

p r o c e s s o r   80  r e c o g n i z e s   t h a t   i t   is  t i m e   to   s e n d   a  v e c t o r  

i n d i c a t i n g   the   l o c a t i o n   of  t h e   b e g i n n i n g   of  t h e   f i r s t  

c h a r a c t e r   of  t he   f i r s t   l i n e   of  t e x t   ( s t a t e   2)  and  b a s e d  

on  the   d a t a   c o n t a i n e d   in  p l o t t e r   b u f f e r   102  and  t h e  

s e l e c t e d   f o n t ,   c a l c u l a t e s   a  s u i t a b l e   v e c t o r ,   t r a n s m i t s   i t  

to   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   110  and  i n c r e m e n t s   i t s  

p r o g r a m   c o u n t e r   282.   The  v e c t o r   c o r r e s p o n d s   to   t h e  

d i s p l a c e m e n t   b e t w e e n   the   c u r r e n t   l o c a t i o n   of  t h e   c u t t i n g  

t o o l   12  and  the   b e g i n n i n g   of  t h e   f i r s t   c h a r a c t e r .   T h e n ,  

t h e   s y s t e m   m i c r o p r o c e s s o r   80  makes   a n o t h e r   n o t e   in  i t s  

memory  ( s y m b o l   3  or  the   l o c a t i o n   of  t h e   p r o g r a m   c o u n t e r  

282)  i n d i c a t i n g   whe re   i t   is   to   r e s u m e   c a l c u l a t i n g   a  

v e c t o r   upon  the   n e x t   i n t e r r u p t   by  t h e   m a c h i n e   c o n t r o l  

p r o c e s s o r   110,  s t o r e s   any  d a t a   c o n t a i n e d   in  i t s  
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a r i t h m a t i c   and  l o g i c   u n i t   n e e d e d   fo r   t he   s u b s e q u e n t  

c a l c u l a t i o n   and  t h e n   r e t u r n s   t o   t h e   s u b r o u t i n e   w h i c h   i t  

was  e x e c u t i n g   b e f o r e   t he   i n t e r r u p t i o n .  

A f t e r   r e c e i v i n g   t he   v e c t o r   f rom  the   s y s t e m  

m i c r o p r o c e s s o r   80,  the   m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0  

s t o r e s   t h e   v e c t o r   in  i t s   c o n t o u r   b u f f e r   111  ( s t e p   2 6 4 ) .  

T h i s   v e c t o r   i n d i c a t e s   t he   f i r s t   m o t i o n   of  the   t o o l   h e a d  

12;  h o w e v e r ,   t he   m a c h i n e   c o n t r o l   p r o c e s s o r   110  w i l l   n o t  

b e g i n   to  move  the   t o o l   12  b e c a u s e   i t s   c o n t o u r   b u f f e r   d o e s  

no t   c o n t a i n   e n o u g h   m o t i o n   command  v e c t o r s   to   a s s u r e  

c o n t i n u o u s   m o t i o n   and  so  w i l l   l o o p   back   to  t he   s t e p   2 6 2  

v i a   t h e   s t e p s   268  and  272.   A f t e r   many  i t e r a t i o n s   t h r o u g h  

t h e   s t e p s   2 7 2 , 2 6 2 , 2 6 4   and  268  and  a  l i k e   number   of  i n t e r -  

r u p t s   to  t h e   s y s t e m   m i c r o p r o c e s s o r   80,  t he   c o n t o u r   b u f f e r  

111  of  the   m a c h i n e   c o n t r o l   p r o c e s s o r   110  is  s u f f i c i e n t l y  

f u l l   to   b e g i n   t h e   c u t t i n g   o p e r a t i o n .   At  w h i c h   t i m e ,   a s  

i n d i c a t e d   by  s t e p   270,   t h e   m a c h i n e   c o n t r o l   p r o c e s s o r   1 1 0  

c o n v e r t s   t h e   f i r s t   of  i t s   v e c t o r s   to   s e r v o m o t o r   c o m m a n d s  

f o r   t h e   X  and  Y  m o t o r s   to   b e g i n   t h e   c u t t i n g   o p e r a t i o n .  

As  i n d i c a t e d   by  d a t a   l i n e s   285  t h e   m a c h i n e   c o n t r o l   p r o -  

c e s s o r   110  r e a d s   t he   v e c t o r s   f rom  t h e   c o n t o u r   b u f f e r   2 6 6  

and  u s e s   t he   v e c t o r s   to   make  t h e   a p p r o p r i a t e   s e r v o m o t o r  

c a l c u l a t i o n s .   A f t e r   t he   X  and  Y  m o t o r s   a r e   d r i v e n  

a c c o r d i n g   to   t h e   f i r s t   v e c t o r ,   t h e   m a c h i n e   c o n t r o l   p r o -  

c e s s o r   l o o p s   b a c k   to   t h e   s t e p   262  to   ge t   a n o t h e r   v e c t o r  

f r o m   t he   s y s t e m   m i c r o p r o c e s s o r   80  to   r e f i l l   i t s   c o n t o u r  

'  b u f f e r   ( s t e p   2 6 4 ) .   A f t e r   t he   X  and  Y  m o t o r s   h a v e   c o m -  

p l e t e d   the   m o t i o n   c o r r e s p o n d i n g   t o   t h e   f i r s t   v e c t o r ,   t h e  
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m a c h i n e   c o n t r o l   p r o c e s s o r   g e n e r a t e s   new  X  and  Y  m o t o r  

c o m m a n d s   b a s e d   on  t h e   s e c o n d   v e c t o r .  

F i g .   8  i l l u s t r a t e s   t h e   o t h e r   s t a t e s   in  t h e  

s e q u e n c e   of  v e c t o r   c a l c u l a t i o n s   made  by  the   s y s t e m   m i c r o -  

p r o c e s s o r   80  and  t r a n s m i s s i o n s   to   t he   m a c h i n e   c o n t r o l  

p r o c e s s o r   110.  A f t e r   t he   v e c t o r   i n d i c a t i n g   the   l o c a t i o n  
of  t h e   b e g i n n i n g   of  t h e   f i r s t   c h a r a c t e r ,   t he   n e x t   v e c t o r  

i n d i c a t e s   the  f i r s t   s t r o k e   of  c u t t i n g   and  the  nex t   v e c t o r  
i n d i c a t e s   the   n e x t   s t r o k e   in  c u t t i n g   t h e   f i r s t   c h a r a c t e r  

of   t he   f i r s t   l i n e   ( s t a t e   4 ) .   The  s y s t e m   m i c r o p r o c e s s o r  

t y p i c a l l y   r e m a i n s   in  s t a t e   4  f o r   a  p l u r a l i t y   of  i n t e r -  

r u p t s   and  v e c t o r   t r a n s m i s s i o n s   u n t i l   t he   l a s t   v e c t o r   o f  
t h e   c h a r a c t e r   ( s t a t e   5)  is  t r a n s m i t t e d   and  t h e n   p r o c e e d s  

to   t he   s t a t e   3  i f   t h e r e   a r e   o t h e r   c h a r a c t e r s   in  the   s a m e  
l i n e ,   to   t he   s t a t e   7  i f   t h e r e   is  a n o t h e r   l i n e   to  cu t   o r  

to   t h e   s t a t e   6  i f   t h e r e   i s   no  more  t e x t   to  be  c u t .   A f t e r  

a l l   t h e   t e x t   i s   c u t ,   t h e   s y s t e m   m i c r o p r o c e s s o r   p r o c e e d s  

to   s t a t e   8  to  c a l c u l a t e   and  t r a n s m i t   v e c t o r s   d e f i n i n g  

o p t i o n a l   s i g n   b o r d e r s   or  o t h e r   d e s i g n s ,   and  t h e n   to  s t a t e  

0  to   a w a i t   a n o t h e r   s e t   of  m o t i o n   commands   f o r   a n o t h e r  

s i g n .   T h i s   o t h e r   s i g n   may  be  a  r e p e a t   of  t h e   p r e v i o u s  

s i g n   or  an  e n t i r e l y   d i f f e r e n t   s i g n .  

By  the   f o r e g o i n g ,   a  s i g n   g e n e r a t i n g   a p p a r a t u s  

e m b o d y i n g   the   p r e s e n t   i n v e n t i o n   has   b e e n   d i s c l o s e d .  

H o w e v e r ,   n u m e r o u s   s u b s t i t u t i o n s   and  m o d i f i c a t i o n s   may  b e  

made  w i t h o u t   d e v i a t i n g   f rom  t h e   s c o p e   of  the   i n v e n t i o n .  

For  e x a m p l e ,   i f   d e s i r e d   t h e   m a c h i n e   c o n t r o l  

p r o c e s s o r   110  may  be  c o n n e c t e d   to  t he   p l o t t e r   b u f f e r   102  
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and  to   t he   f o n t s   9 6 , 9 8 . . . 1 0 0   v i a   t h e   f o n t   memory  m a n a g e r  

93  t o   a c c e s s   the   d a t a   c o n t a i n e d   t h e r e i n   and  be  p r o g r a m m e d  

to   g e n e r a t e   v e c t o r s   and  o t h e r   m o t i o n   commands  w i t h o u t   t h e  

a i d   of  t he   s y s t e m   m i c r o p r o c e s s o r   80.  In  t h i s   a l t e r n a t e  

e m b o d i m e n t ,   the   m a c h i n e   c o n t r o l   p r o c e s s o r   110  wou ld   n o t  

n e e d   t o   i n t e r r u p t   t he   s y s t e m   m i c r o p r o c e s s o r   80  as  in  t h e  

main   e m b o d i m e n t   d e s c r i b e d   a b o v e   to   o b t a i n   v e c t o r s   a n d  

o t h e r   m o t i o n   commands  and  w o u l d   be  s u b s t a n t i a l l y   s e l f -  

s u f f i c i e n t   once   the   p l o t t e r   b u f f e r   102  is  p r o v i d e d   w i t h  

d a t a   d e f i n i n g   a  l a y e d   o u t   s i g n .   H o w e v e r ,   in  t h i s   a l t e r -  

n a t e   e m b o d i m e n t   the   s y s t e m   m i c r o p r o c e s s o r   80  and  t h e  

m a c h i n e   c o n t r o l   p r o c e s s o r   110  w o u l d   h a v e   to  c o o r d i n a t e  

t h e i r   a c c e s s   to  t he   p l o t t e r   b u f f e r   102  and  t h e   f o n t  

memory  m a n a g e r   93  by  s u i t a b l e   " b u s y   s i g n a l s "   p r e s e n t e d   b y  

t h e   f o n t   memory  m a n a g e r   93  and  p l o t t e r   b u f f e r   102  w h e n  

b e i n g   a c c e s s e d   or  c o n t r o l l e d   by  e i t h e r   m i c r o p r o c e s s o r .  

T h e r e f o r e ,   t he   a f o r e s a i d   d e t a i l e d   d e s c r i p t i o n  

d i s c l o s e s   r e p r e s e n t a t i v e   e m b o d i m e n t s   of  t h e   i n v e n t i o n   t h e  

s c o p e   of  w h i c h   i n v e n t i o n   b e i n g   d e f i n e d   by  t he   f o l l o w i n g  

c l a i m s .  
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IN  THE  CLAIMS 

1.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   h a v i n g :  

a  k e y b o a r d   (16)   for  e n t e r i n g   f i r s t   s i g n   d a t a   a n d  

s e c o n d   s i g n   d a t a ,  

a  p r o c e s s o r   (80)   fo r   s u p e r v i s i n g   s a i d   f i r s t   s i g n  

d a t a   e n t r y   d u r i n g   f i r s t   i n t e r v a l s   and  s a i d   s e c o n d   s i q n  

d a t a   e n t r y   d u r i n g   s e c o n d   i n t e r v a l s ,   a n d  

a  c u t t e r   (150  for   c u t t i n g   a  f i r s t   s i g n   b a s e d   i n  

p a r t   on  s a i d   f i r s t   s i g n   d a t a   and  a  s e c o n d   s i g n   b a s e d   i n  

p a r t   on  s a i d   s e c o n d   s i g n   d a t a ,   and  c h a r a c t e r i z e d   in  t h a t  

s a i d   p r o c e s s o r   (80)  a l s o   i n c l u d e s   means   f o r  

s u p p l y i n g   c u t t i n g   v e c t o r s   to  the   c u t t e r   ( 15 )   in  b e t w e e n  

s a i d   s e c o n d   i n t e r v a l s ,   s a i d   c u t t i n g   v e c t o r s   d e f i n i n g   s a i d  

f i r s t   s i g n   and  i n d i c a t i n g   a  c u t t i n g   c o u r s e   f o r   t h e  

c u t t e r ,   so  t h a t   the   c u t t e r   c u t s   s a i d   f i r s t   s i g n   w h i l e  

s a i d   s e c o n d   s i g n   d a t a   is   e n t e r e d   t h r o u g h   s a i d   k e y b o a r d  

1 6 .  

2.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

t h e   c u t t e r   (15)   i n c l u d e s   a  g e n e r a t o r   ( 110)   f o r  

g e n e r a t i n g   an  i n t e r r u p t   s i g n a l   when  a  c u t t i n g   v e c t o r   i s  

r e q u i r e d   to   f u r t h e r   i n d i c a t e   the   c u t t i n g   c o u r s e   and  f o r  

t r a n s m i t t i n g   s a i d   i n t e r r u p t   s i g n a l   to   s a i d   p r o c e s s o r  

( 8 0 ) ,   a n d  
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s a i d   p r o c e s s o r   (80)   i n c l u d e s   a  d e t e c t o r   ( 2 0 2 ,  

2 0 4 a )   f o r   r e c o g n i z i n g   s a i d   i n t e r r u p t   s i g n a l   and  s e r v i c i n g  

s a i d   c u t t e r   by  p r o v i d i n g   s a i d   v e c t o r   b e f o r e   s a i d   c u t t e r  

must   h a l t   due   to  l ack   of  s a i d   c u t t i n g   v e c t o r s .  

3.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   2  c h a r a c t e r i z e d   in  t h a t  

s a i d   p r o c e s s o r   (80)   is  p r o g r a m m e d   to  r e s p o n d   t o  

s a i d   i n t e r r u p t   s i g n a l s   from  s a i d   c u t t e r   b e f o r e   s u p e r -  

v i s i n g   t h e   n e x t   d a t a   e n t r y   t h r o u g h   s a i d   k e y b o a r d   ( 1 6 ) .  

4.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   3  c h a r a c t e r i z e d   in  t h a t  

s a i d   p r o c e s s o r   (80)   s u p p l i e s   c u t t i n g   v e c t o r s  

d e f i n i n g   t h e   s h a p e   of  s i g n   c h a r a c t e r s   in  t h e   f i r s t   a n d  

s e c o n d   s i g n s ,   a n d  

s a i d   c u t t e r   (15)   c o m p r i s e s   a  c u t t i n g   t o o l   ( 5 0 ) ,  

X  and  Y  m o t o r s   ( 7 9 , 8 0 )   fo r   mov ing   s a i d   c u t t i n g   t o o l   a n d  

s i g n   g e n e r a t i n g   m a t e r i a l   (M)  r e l a t i v e   to  one  a n o t h e r   i n  

an  X-Y  p l a n e ,   and  c h a r a c t e r i z e d   by  a  b u f f e r   ( 1 1 1 )   f o r  

s t o r i n g   a t   any  g i v e n   t i m e   l e s s   t h a n   a l l   of  t h e   c u t t i n g  

v e c t o r s   d e f i n i n g   the   s h a p e   of  s a i d   s i g n   c h a r a c t e r s   a n d  

a n o t h e r   p r o c e s s o r   (110)   f o r   c o n v e r t i n g   s a i d   v e c t o r s   t o  

m o t o r   c o n t r o l   s i g n a l s   f o r   s a i d   X  and  Y  m o t o r s   to  c a u s e  

t h e m   to   move  in  a  c o u r s e   c o r r e s p o n d i n g   to   s a i d   s i g n  

c h a r a c t e r s   . 
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5.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   1  c h a r a c t e r i z e d   in  t h a t  

s a i d   p r o c e s s o r   (80)   is  p r o g r a m m e d   to  r e a d   a n d  

s t o r e   t he   f i r s t   and  s e c o n d   d a t a   e n t r i e s   in  p e r f o r m i n q   i t s  

s u p e r v i s o r y   f u n c t i o n .  

6.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   5  f u r t h e r   c h a r a c t e r i z e d   b y  

f i r s t   memory  (74)  c o n t r o l l e d   by  s a i d   p r o c e s s o r  

(80)   fo r   s t o r i n g   s a i d   f i r s t   s i g n   d a t a   d u r i n g   e n t r y   o f  

s a i d   f i r s t   s i g n   d a t a ,   a n d  

s e c o n d   memory  (102)   c o n t r o l l e d   by  s a i d   p r o c e s s o r  

(80)   and  c o n n e c t e d   in  o p e r a t i v e   r e l a t i o n   w i t h   s a i d   f i r s t  

memory  f o r   s u b s e q u e n t l y   s t o r i n g   s a i d   f i r s t   s i g n   d a t a ,  

s a i d   p r o c e s s o r   t r a n s f e r r i n g   s a i d   f i r s t   s i g n   d a t a   f r o m  

s a i d   f i r s t   memory  to  s a i d   s e c o n d   memory  b e f o r e   t h e   c u t t e r  

c u t s   s a i d   f i r s t   s i g n ,   s a i d   p r o c e s s o r   u t i l i z i n g   s a i d   f i r s t  

s i g n   d a t a   l o c a t e d   in  s a i d   s e c o n d   memory  to  d e t e r m i n e   s a i d  

c u t t i n g   v e c t o r s   fo r   s a i d   f i r s t   s i g n .  

7.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   2,  c h a r a c t e r i z e d   in  t h a t  

s a i d   p r o c e s s o r   a l s o   i n c l u d e s   a  s u b r o u t i n e   ( 1 9 2 )  

f o r   d e t e r m i n i n g   a  f i r s t   s i g n   l a y o u t   b a s e d   on  s a i d   f i r s t  

s i g n   d a t a   and  a  s e c o n d   s i g n   l a y o u t   b a s e d   on  s a i d   s e c o n d  

s i g n   l a y o u t .  



8.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   » f f   o u O " U  

c l a i m   7  c h a r a c t e r i z e d   in  t h a t  

t h e   s u b r o u t i n e   ( 1 9 2 )   i n c l u d e s   a  s e q u e n c e   o f  

p r o g r a m   i n s t r u c t i o n s   which,   a r e   f o l l o w e d   d u r i n g   o p e r a t i o n  

of  t he   s u b r o u t i n e ;   and  . 

s a i d   s u b r o u t i n e   i n c l u d e s   a  s t e p   (224)   f o r   i n t e r -  

r u p t i n g   a  c a r r y o u t   for   d e t e r m i n i n g   s a i d   s e c o n d   s i g n  

l a y o u t   in  r e s p o n s e   to  the   i n t e r r u p t   by  s a i d   c u t t e r   r e -  

q u e s t i n g   a  c u t t i n g   v e c t o r   d e f i n i n g   s a i d   f i r s t   s i g n   a n d  

f o r   t h e n   r e t u r n i n g   to   the   l a y o u t   o p e r a t i o n   of  s a i d   s u b -  

r o u t i n e   a t   t h e   p r o g r a m   i n s t r u c t i o n   in  t h e .   s e q u e n c e   w h e r e  

i t   l e f t   o f f .  

9.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   8  c h a r a c t e r i z e d   in  t h a t   s a i d   p r o c e s s o r   (.80)  i s  

p r o g r a m m e d   ( F i g .   8)  to   s t o r e   a  p r o g r a m   c o u n t   and  v o l a t i l e  

d a t a   c o r r e s p o n d i n g ,   to   .a  p r o g r a m   ,  i n s t r u c t i o n   in  s a i d   s u b -  

r o u t i n e   when  i n t e r r u p t e d   .by  s a i d .   c u t t e r   ,  and  a f t e r  

s u p p l y i n g   s a i d   c u t t i n g   v e c t o r   to   s a i d   c u t t e r ,   r e s p o n d i n g  

to   s a i d   p r o g r a m   c o u n t   and  s a i d   v o l a t i l e   d a t a   to   c o n t i n u e  

o p e r a t i o n   of  s a i d   s u b r o u t i n e   w h e r e   i t   l e f t   o f f .  

10.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   b y  

a  d i s p l a y   (83.)  c o n n e c t e d   in-  o p e r a t i v e   r e l a t i o n  

w i t h   s a i d   p r o c e s s o r   (80)   and  i n c l u d i n g   a  v i d e o   m o n i t o r  

f o r   d i s p l a y i n g   s a i d   f i r s t   and  s e c o n d   s i g n s ,   s a i d   : 

p r o c e s s o r   s u p p l y i n g   d i s p l a y   v e c t o r s   d e f i n i n g   s a i d   f i r s t  
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a n d   s e c o n d   s i g n   l a y o u t s   to  t he   d i s p l a y ,   and  w h e r e i n  

the   c u t t e r   i n c l u d e s   means  ( 1 1 0 , 2 0 1 )   f o r  

g e n e r a t i n g   an  i n t e r r u p t   s i g n a l   when  i t   r e q u i r e s   a  c u t t i n g  

v e c t o r   to  f u r t h e r   i n d i c a t e   i t s   c u t t i n g   c o u r s e   and  t r a n s -  

m i t t i n g   s a i d   i n t e r r u p t   s i g n a l   to  s a i d   p r o c e s s o r ,   a n d  

s a i d   p r o c e s s o r   i n c l u d e s   means   ( 2 3 4 )   fo r   i n t e r -  

r u p t i n g   i t s   s u p p l y   v e c t o r s   to  the   d i s p l a y   in  r e s p o n s e   t o  

s a i d   i n t e r r u p t   s i g n a l   and  s u p p l y i n g   a  c u t t i n g   v e c t o r   t o  

s a i d   c u t t e r   d e f i n i n g   s a i d   f i r s t   s i g n   and  t h e n   a u t o -  

m a t i c a l l y   r e t u r n i n g   to  i t s   s u p p l y   of  d i s p l a y   v e c t o r s   s o  

t h a t   t h e   d i s p l a y   s u b s t a n t i a l l y   c o n t i n u o u s l y   d e v e l o p s   t h e  

d i s p l a y   of  s a i d   s e c o n d   s i g n .  

11.  A  s i g n   g e n e r a t i n g   a p p a r a t u s   as  s e t   f o r t h   i n  

c l a i m   10  f u r t h e r   c h a r a c t e r i z e d   b y  

a  s t o r e   of  d i f f e r e n t   f o n t s   ( 9 6 - 1 0 0 )   c o n n e c t e d   i n  

o p e r a t i v e   r e l a t i o n   w i t h   s a i d   p r o c e s s o r   (80)   and  d e f i n i n g  

t h e   s h a p e   of  c h a r a c t e r s   of  s a i d   f i r s t   and  s e c o n d   s i g n  

d a t a ,   s a i d   p r o c e s s o r   i n c l u d i n g   means   (93 )   f o r   a c c e s s i n g  

s a i d   b a n k   of  f o n t s   to  s u p p o r t   b o t h   i t s   c u t t i n g   v e c t o r  

d e t e r m i n a t i o n   and  i t s   d i s p l a y i n g   v e c t o r   d e t e r m i n a t i o n s .  

12.  A  p r o c e s s   fo r   e f f i c i e n t l y   m a k i n g   s i g n s  

u t i l i z i n g   a  s i g n   c u t t i n g   a p p a r a t u s   ( 1 5 ) ,   s a i d   p r o c e s s  

c o m p r i s i n g   t h e   f o l l o w i n g   s t e p s :  

m a k i n g   an  e n t r y   of  f i r s t   d a t a   on  a  k e y b o a r d  

( 1 6 ) ,   s a i d   f i r s t   d a t a   d e s c r i b i n g   a  f i r s t   s i g n ,  

p r o c e s s i n g   s a i d   f i r s t   d a t a   to   d e f i n e   a  f i r s t  
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s i g n   l a y o u t   b a s e d   on  s a i d   f i r s t   d a t a ,  

t r a n s m i t t i n g   c u t t i n g   i n f o r m a t i o n   d e f i n i n g   a  

p o r t i o n   of  s a i d   f i r s t   s i g n   L a y o u t   to  s a i d   s i q n   c u t t i n g  

a p p a r a t u s   ( 1 5 ) ,   and  c u t t i n g   a  p o r t i o n   of  s a i d   f i r s t   s i g n  

m a k i n g   a  f i r s t   e n t r y   of  s e c o n d   d a t a   on  s a i d  

k e y b o a r d   ( 1 6 ) ,   s a i d   s e c o n d   d a t a   d e s c r i b i n g   a t   l e a s t   a 

p o r t i o n   of  a  s e c o n d   s i g n ,  

m a k i n g   a  s e c o n d   e n t r y   of  s e c o n d   d a t a   on  t h e  

k e y b o a r d   ( 1 6 ) / s a i d   s e c o n d   e n t r y   of  s e c o n d   d a t a  

d e s c r i b i n g   a n o t h e r   p o r t i o n   of  s a i d   s e c o n d   s i g n  

c h a r a c t e r i z e d   in  t h a t  

t h e   s t e p   of  t r a n s m i t t i n g   c u t t i n g   i n f o r m a t i o n   t o  

s a i d   s i g n   c u t t i n g   a p p a r a t u s   (15)   is  p e r f o r m e d   b e t w e e n   t h e  

s t e p s   of  m a k i n g   the   f i r s t   and  s e c o n d   e n t r i e s   of  s e c o n d  

d a t a .  

13.   A  p r o c e s s   as  s e t   f o r t h   in  c l a i m   15  f u r t h e r  

c o m p r i s i n g   t h e   s u b s e q u e n t   s t e p s   o f :  

p r o c e s s i n g   a  f i r s t   p o r t i o n .   of  s a i d   s e c o n d   d a t a  

to   d e f i n e   a  p o r t i o n   of  a  s e c o n d   s i g n   l a y o u t   b a s e d   on  s a i d  

s e c o n d   d a t a   and  t h e n   p r o c e s s i n g   a  s e c o n d   p o r t i o n   of  s a i d  

s e c o n d   d a t a   to   d e f i n e   a n o t h e r   p o r t i o n   of  t h e   s e c o n d   : s i g n  

l a y o u t   and  c h a r a c t e r i z e d   in  t h a t   an  a d d i t i o n a l   s t e p   o f  

t r a n s m i t t i n g   c u t t i n g '   i n f o r m a t i o n   d e f i n i n g   a  p o r t i o n   o f  

s a i d   f i r s t   s i g n   l a y o u t   is  p e r f o r m e d   b e t w e e n   t h e   s t e p s   o f  

p r o c e s s i n g   t h e   
'  

f i r s t   and  s e c o n d   p o r t i o n s   of  s a i d   s e c o n d  

d a t a .  
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14.  A  p r o c e s s   as  s e t   f o r t h   in  c l a i m   12  f u r t h e r  

c h a r a c t e r i z e d   by  the   s t e p   o f :  

t r a n s m i t t i n q   an  i n t e r r u p t ,   f rom  s a i d   s i q n  

c u t t i n g   a p p a r a t u s   (15 ,   110)  to  a  c o n t r o l l e r   ( 8 0 )  

r e s p o n s i b l e   fo r   t h e   s t e p s   of  t r a n s m i t t i n g   s a i d   f i r s t  

c u t t i n g   i n f o r m a t i o n ,   to  i n d i c a t e   a  need   fo r   s a i d   f i r s t  

i n f o r m a t i o n   a f t e r   the   f i r s t   s t e p   of  m a k i n g   s a i d   e n t r y   o f  

s a i d   s e c o n d   d a t a   and  b e f o r e   the   s t e p   of  t r a n s m i t t i n g   s a i d  

f i r s t   i n f o r m a t i o n .  
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